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^ ^ffl 

[0001] Miss«#sb*h9>'^^{cgi.u mK^*/utf&&zm-tz>¥m 

[0002] MISM®#^h9^^(WT, MISFETtB&SEi-S)!*, 4i^^^S^±(- 
[0003] 4m*mft<V<PX*h, %?\~Simm&, MISFETOfES^-^'&^iaTV^ ^tV 

2 z 

[0004] mu sij^fi, m*tiETL<D&mfefim<D¥mi£\zit^xi&\<^^xj&&hZo 

/H££t£if MISFET(D;MV^>"^fc°— K^TSrftKo MISFE 
[0005] miTnm^SHDftMfe&^-f, %-f > Sii^JW^IWIHtf^^Si Ge (0<x 

[0006] mi8(ah (b){C, SiGeTil!l^OGe^(X100[%])t, m^-^iETL^ilj^ 
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1— X X 

3fc#>, Ge»&tfS;*iVMi^Si<z^*l:#:*:#<&5 3 l§JEl«t?), SifcM^-SrfW-f 5 
rir&cj;^ «3l^tD^{clt-<, tfrF-atWETL^l. 5fg^_k^»j,g£if ;»p£-*»:5 

[0007] Ik^, |gi9(a)^^(c)&U?02O(a), (b) £#B3LT, KUlSSUfcSi^ 
^^MISFETO#$!i^|ftP^-r5o 5fe-f » Til!lSiGeJSl±^^.SilB2*^e^ 
*v^W*&$-£5 (019(a) ) c -03I^Sijg2co±^, y-MftftKat-y— 

M4a^ff^-r-5(l2I19(c)) 0 ggl^T, ^-hfE^afc-^^LT, ^ySAfe 

i--5o rro^ K— xiiiix io ,5 cm~ 2 w±T-&<5 0 :ntt, y-^'K^»f4 

9 % S^SiJi2icT ; e^7r^S5i5SJI5^iT^) (1220(a)). Iftc, 3p««bS:ei4 
K:, V— ^'FKyW^ JF^^S (0 20(b) ) e 

[0008] 021M, i«Oj;5^Urf^RUfcy— hftl/*m©5g^.Si^'-Y'-*/VMISFET«Z>«« 

[0009] 4#m=^tHttl : ^HB3plO-270685^« 
#rF.5:iSfe2: #W2002-237590-§-^fB 

l^^ffMl :H.C. -H.Wang et al., "Substrate-Strained Silicon Technology: 
Process Integration", 1EDM 2003, Technical Digest, pp. 61-64 
$£Wff-$:fflt2:fcRi!&)M Ull-B- p. 1131 1996, Ion Implantation 

Technology Proceedings vol.2, p.744 1999 

[0010] U^L&^ib, MISFETf*^^-— V^W^YM^t^X^XM^n^it^MUL 
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[0011] bZ^fc. hftj&ME<fc5i» ^^Si^-v^MlSFET{cm^^71)-^m^ 

[0012] 11122(a), (b){'. y—h^ : ^v^2ffi^3I^Si^^/^MISFET(D«^ti( 
y— ^-HW^ffl;i5fc)^-r 0 11122(a), (b)Kl^Lfc^Oti, 5fc*#£fC^MISFE 
T^iJ^LT, ^-C^|W)C^77Ji}^n-/bLfct<^-C*fe5o H22(a)te, 7tfn^£ji 
^/U^r— : 2keV, K-Xf.; 3 X 10 ,5 cm~ 2 TM';t>'ffiALfci§'3-£^U IH22 (b) (3 
, tgRSrac^i^— ;8keV, K-Xi;3X10 ,5 cm" 2 -e^yttALXy^-KWy 

[0013] rOct^^MS^y^^^^oMISFET-ClHlSS^^bfl^, 0S§CO^» 
[0014] fc*3, m^y-^^^tLTV^ 

[0015] ^m$&w<DB ±m<D\j^mm{$.%m;<L, tf— vw^^b^-m^^n 

^jlMISFET^#^i-S^<b^feSo 

mm ^:-r © ^ 

[0016] ^P^^-SMlSSym^^rhy^^fi, TWUI^ ^TOTiiK:fr^&£H 

I*) (-^^tLfcV-^ • K W^^£^5MIS^m#^*h7>v^* 

P 

P 
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[0017] $.tz, ^m^m^>m<DMismm^j}^:hT^^n, rmmt, z<DTmm± 

p 

[0018] JEfc, ^^(^-5M^'ft!l^MiSMm^5^*H7^v>Xi?}i, Titans ^WTitt 

p p p 

[0019] ^LT, ^*L<tt. HtJiETitll^fi^ Si Ge C (fEUO^x^l, O^y^l, 

l — x— y x y 

[0020] ^^B^OMISFETti, ^fett^WWl^JillJ*^ V'-^-K^yliW 

P 

P 
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[0021] [igi](a) (c) *&w<Dmimmj&f&\z-mz>MisFET<Dm]gjjm&x.wm 

[|2|2] (a) 75 S (c) IS, 91 (DM 1 HjSfS»« I w«5MISFET(0§4ift^ jfe^MUS 

[El4](a) 75S(c) «\ *|BW(Z?!i52||«y&«{C'»SMISFETOKjt^jSfeSrXS«H 
CEI5](a) &tMb) **WOlB2llifeJKfli^'»5MISFETW»at^«fe«:XSI« 

[®7](a)75S(c)tt»*»W©SB3|llft^«lC«5MISFET<75KJt^ife4:XeWi 

[H8](a)^S(c)tt,*»WOSB3llite««lw««MISFETWKifi^ifeS:XSIK 

[699] (a) (c) fi> WwH53llJteJgiaHwffi5MISFET(Ofi{l&^«feS:Xg«S 

[|3l0](a)75S(c)l±,*»W»IB4^^lfitc:«5MISFETO»Jg^&«rXS»lfi 
ld^-t-»T®IIIT'fc5o 

[®ll](a)75S(d) tt, *»WO||54SIJ^IIIlc«^lSFETOSW8^rft*rieilH 
[69 1 2] (a) (b) ti, ^K|8«W wm4|lliSJKffitc«5MlSFETro'»Jfi^ttt«:XSW 



m & st m m (mm) 
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m 1 7]T*ttiSiGeJi ±\^B!&i,tc3LZhSi(nm&Z^-f mX*hZ> 0 

m 19] (a) (c) ^mnm(o^si^^MJSFET(om^Jj^x.wm^ 
Tfk-rmmmxh^o 

[m2o](a)s.u ; (b) ^MmmcoM^si^^MisFETcom^m^JiumK 

[HI 2 1 <r>& * Si^ -Y^yUMI S FETCO 3^ -f 9 77 HI TNfcS. 

/Tt7 > 77it*fc5. 

[g]23]^^Sif L ^/^MISFETcDM^^7y-^«^mm#J^^^^^#14^ 

[024] (a) , (a) ' WaJto V(D^>aAI- J;97F2J&Lfc^Si^*/WMISFET<ay 
*KW~T >-^l*|g ©TEMtit> XV, (b), (bJ'fit^O-r^-^SAfCjlDM^L 
fcSi^Si^i'^/VMISFETcoy — ^ • KW>iKJ$0>TEMfc#iS<fcT?S>3o 
[1)25] (a), ( a )'«t^W^vaA(-J: I 9^^;LfcM^Si^-¥^/HvlISFETWy- 
^' KWyf iicWfSTEMl^, (bh (b)\ (c), (c)', (d) > (d)'ttfc*©>f 
^-XaAtd^^^^bfc^^Si^-t^MISFETOy— ^-K^^f^O^fSTE 

[ID26]t^O-<^->ffiA{'ct'90^b^2i^-Si^ J r^L'MISFETcoy— ^-KW^ 
[Hl27](a){*U^^tete^J;i9 x MISFET^m^^'J— 7ti^4C5^*^XA|r 

gtfi£#tttH»!j'lii*Jti{E-r5^77|2|'T?fc5- 0 
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CH129] (a) Tb^E (d) MiStf^fe^^vaAU, fmte*ffiUdfr&K s 
[034] (a) (b) fi. Si (l00)S^iCxKn^t) ; t^^^->'aAL7tm-^cOiiA 

fc<5o 

[HI35](a)7^(c) fit, t^^atW^^Si^^^/WMISFET^jSiit-rS^&f-ct^, 
-y— h*^ffiV^MISFET*«ati-5^8sS:Xe«t3L*i-»f®H"e*>*. 

[12136] (a) 7I/S(c) tt, f^*1»^WS*Si^^WMISFETS:3»3irt-5*rjftK:J:!J, 
y— hS^V^MISFET^i!l^^5*ffi^XSJ^^^i"IWaia-CfcoTl2l35W»t 

[0022] 1 TifeSiGeg 
2 

3 V-Vffl&m 
3a hWMWk 

4a 

5 T^e/i^r^i! 
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6 y-^-FWyfl 

7 IS^MIntiL 

8 W&L/^--? 

9 ^WtoVLK&fa 

10 y-Mtt 

11 y— ^-KnVteMHWfc 

13 TiteSiJI 

14 fg^Si GeCl 

1 — x— y x y 

15 *^y-?S\m 

16 a&BMbiK 

[0023] *:fiU&Mtta* w^Sifc, ^SW^^trofc^m, u^MBffifi, -Y^a 

[0024] 1212314, fcf^^&AiCi^y— ^•KW^7^SfeU/l^^^*5V^-C> 

[0025] fEMbfcMISFETCOy— X • HV-f>"nI^(OTEM(transmission electron 

microscope iSiSSim^PSfeSDftfSSr^To^. H24(a)tt#ciW^->'aA"CJKdt 

ufcy— ^-Ki^rv^, m 24(b) ^t^^aA-effMUfcy— ^-Fwi'SWtf 

OTEMl^ig*^to 12124(a)', (b)'fi, 2c* ®24(ah (b) 
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[0027] m^, ^nh<Dmm<Dmm^m-<^tiib. mmrEMmm^n^tz, ^<D^^m2 

5lC^-f- 0 025 (a) fi, IH24(b)cDE^#f^(Dte^:|21l?$>l9, g|25(b), (c) , (d)it 
, 12125(a) CD IH^Cb), (c), (d) mtB^-r5lfR5>OWf®*-Cfc5o EI 25(a) \ (b)' 
, (c)', (d)'fi, **l325(ah (b), (ch (d)<75i»JKW«SISrM^— ^Lfcia-C*>5 



[0028] 3fci*, Sv^itti^±o^1llA}i, S^SiiSiGeCOlfffitC^UfcSV^^-fyhteffi 
[0030] ^r-C, U^StefiCO^^J^t, MISFETO^^!)— 9 m&M&<»WM&\Z.o^ 

[0031] z.<D\j^m.m^v— ^-KW>-^fcV^t#^^^7y— ^^ttj^-f 5 

-r5MISFETC0^ytlH^i- 0 r©@-C1i, fi£a2<t^£;ft5U^i|£f&7/A V" 

c c 

flfe^WuL >aCDP#^l,L <a<DP#(-oxp{-b«W (a-L )}£&5 C 

G G GX G 

[0033] 2tBKf£f*8l* /i**ai^U ! l^tett*Sffi**bi-C^^Jb-CV^C.fcSr#Jt-t"S^, 
U^^*2{i^— o^,MISFETCOy—^-K^>'[^^r*fc*S/£Vviffe^}i x n(L <ai) 

G 

exp{-b W (ai-L )}<t#-5o ^"C> FT (L <ai)fi, »3?ljexp{-b W (ai-L )} 

ix Gx O O ix Gx G 

G 
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[0034] t£oT, — Oj^iOU^Site-fi^MISFETOy— X-Vl^Offl&t.tzW. . 
7!J-^ti5it^i:^5i$li, l-n(L <ai)exp{-b W (ai-L )}<t^5 0 

G ix Gx G 

[0035] rcD-ISl^^, IU26 = t>9ti-^:LfcM^y— ^W^W^rlll28(C^|c-C^-r 
^oT, ^iOTO^-To H128^{i, -g-t5-BrTH123<7)MTSFETCO^— 

t^5^ jsj#^a<— ffcuTis^ u^Mfe'fs^s m^y-^m^oj^ia-c-fc^xb^ 

[0036] ^(C, St5^0^M^O'i'^-^A{-oV^I^B^-t--5 0 H]29(a)75M(d)l£, X 
^mm<D^>mA^ff'Jt, 12129(b) (C^-t-Jl'M^ ^ffi^T^-^T^b^, 7 

m^t-r^o z<Dm^m29(c){Z7ik-r 0 mti^x, 12130(a), (bMc, 7^a^x«t 

f^SiUoomB^S^-^^aALfcM 
-?-£|2]29(d) ^-f c 

[0037] 12131 J^&Afc£Vte!&&tvtzfciiLSl'~^<DmmTEM&ttT 0 Si(100) 
^iHK, y^30keV, 2 X 1 O'W^^frt^tyftAL^ 790°C, 1 0#CD^ 

^ (^#t^^2) B 
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[0038] ~(D£o?£47f>'&A\z£^x^tzA^MyLsu~-7i^ mmzmm^T-fe, m 

■ 

[0039] ^(Dii^, Hl32(a)^S(c)^fflV^#^-r5, [2l32(b)«^^->'&A<!r J ?:tb^ 

^(D/IliaW^rtWn^tLSo Z<Dtztb, ffrMM^ffi^tli, fW^ltfcifo^— 7% 
^<-f-^XonmW^o ovMcttijSte/V'— ^^iU^iiU U^M^fi^^o 

wC£>m^&|X|32 (c) H^-Tc 
[0040] £fc, ^O^ct^S^SiJil^CO^V^-l'^aAcO^cO^. U^MI5 

[0041] ^5l-c\ *i§p^#fi, u-^mmmK j^&Atmmx-^tzmtL^—^frh 

[0042] IH33ii, tmw—Xmt, i£Ai£t(73^M^IS^t^i-' , ^^^(Rp)TttS 
W^jftJ^SIftl x lO ,5 cm~ a £*±OK— X*(D4§-£\ 7^/K7r*/f /Wail 

[0043] 11134 (a) , (b) fcl, -YtyttASi© 
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■ 

P P P 

p ■ p 

[00441 ^-C\ [I]35(a)75^(c)&OT36(a)75M(c)&fflV^C fESteRUKifefrifcT? 
[0045] 3tei* s TH6SiGeJBl±^5S*SUl2S:^^ ! f->'-1r^J5fc*$**(W35(a)). 

, r (D±\z^-vmmm3t^—hmmm4^^^ (12135 a>) h ^^^--v 

i/LT, M&M3a£:S:*0. 4 MmJSJlTtoy— h««4aS^ri6i-* (11135(c)) 0 

P 

p 

[0046] JfcKi, ^««S:flH4'fbS-e-5fc«>»c!lft*B!3aSrtf5o ^rS-fs^ y-^'KWyf« 
8^B)t$ttS(ia36<b))o ^^^+^14{b^S^*l-5!(-^a^ : ff5t, 

^■5 (11136(c)) c ^bU^«g!*G<fi[7<Dft$|4ft^:0. 4(jmigS(^. ^(Ofctf), 
[0048] /«c*3, §g**^T-r*4«^fl£tUXSI*Si^lJ:U-CIft^Ufc^, M^^^^flU 
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tVXSi Ge C ({I.U O^x^l, O^y^l, 0<x+y^l)£fflV^5#£i>fc 

1 — x— y x y 

5= :©i^, m&w<D?-hmmm$:j&f&^-z>tz>bi<z. s si Ge c t^-vrnm 

1 — x— y x y 

I— x— y xy P 

4§-a\ @3id*e>t^»si:43t) % 3R =3T &,±(Dm^'<a^^i&A\z^mitL^ 

p p 

P 

[0050] {au **)±rf«lwaw^Sfc4^K:*9±tf »^^*^*K— br^-t?$ 

P 

[0051] y^'KKylic fs^-^-ei^K— xoK-tv^-ettbfi, n^si 

[0053] £AT, ^#(D|2)iIJ^#^LT^p^cD»c0^^oV^TM(C|ftl^^5 0 

[0054] imi(DmM(Dmw 

mi (a) (c)-at>«l2l2 (a) (c) ft, *3S WO^l O^Jfc®«|(DMSIFETC0 
^S^/UfifcRS-BrSCIgll (a)) c rcD^^-SiiS20M{i, ft**-#JfcMISFET0>y 
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p p 
~o±i^-Klfe^3iy-hm^4?rB5cS^-B:(l2]l (b)h 

LT, hif&lilg£3a«!;S£0. 4 M mi^T h«4£4a&7£j&1-5 (01 (c) ) e ft 

5£>$t£(2, ' ^«4fc8^as**K:£3t££$:R fcUtfc#, 2R JW±-?fcS(l2]2(a)) 0 

P P 

[0055] ^>6flfe«^H4'fb$*'Bfc«)^3»«!.aSrtT5o -^-T^ y— *-KW>'«« 

TttHSiGcH l (02 (b) ) , 3F*fiW«:+#i&ttte3*5;fc:«> JE Wto 
ffjfBMS^ ; ti9r^^-6^X(i/J^<^ , 9^ U^tef4«B^tl^V^(l2I2(c)) a 

[0056] i%2<D-m&<r>wm~\ 

03(a)75S(cK 04(a)7?rM(c)&rJ<®5(aK (b)»4, *|§l^ W$g2cD||»?i 
<75MSIFET03H5g*«feS:X©Jl|g(^i-Wf®BI-C*>S. 5teT . TflfiSiGeJU-tl'^ 
^SiJi2^t°^^v'^/W^^-fr'5o £<P^SUS2©llSE/5ti:, S^^MISFET 
©y— ^•KW>'0^il>fi«ai*36S*^t'ti:*iS*4T 2T £JlTfci-S(BI 

p p 

3(a)) 0 z.<D±lz.<?— h|ft»Bl3^--h««M4SrriEft**(H3(b)), ^<^m 
— — y^LT, htefftlK3a£:ft$0. 4 m m«Tro^-Ml4alrMt5 ( 

1113(c)), 

[0057] MWS4aS:-v , ;**f;Ll/t\ ^^SiS2^y— ^ • FV^fe^^J$£Mj5£ 

i-^fcftO^^^^-yffiAL, ^M4*i£A1g#-9&^fifc-f"3 (04(a)). :i<7)<t£ 

iy^y^fCfcOy— ha'J® 10*^i~<5 (04(b) )„ rot, y-MH4aty- 

h«io^^^br, ^M'-fe^i x io I5 cm~ 2 jej(_h-<^-^aA-r5o -?r9-rsir, y 
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Ltckg. 2R £(±W5 (04(c)). 

P 

mz, r.oacT^teffi^—^sdsjg^ns (05(a) ) 0 fat, te^-ys^^s 

[0059] 1611, »2«>*lfe^llfi^1*oT^MLfcMISFETO^*^-7y— ^^aEtBWJ 
10 ,5 cm" 2 CDK— X*-CtTV\ 2T = 19nmT*£>of~ 0 2T cWSI^-Siif jg|J?:^J¥^2 

P P 

p 

[0060] l$&3<D^1fe<Dj&t&'] 

07 (a) 75^ (c), 08(a)75S(c), 09(a)75M(c)te, jfcftW(Dft2<DWteM1& 
<DMlSFET<DM&%fe*lLUm^-fmffimX*&Z> 0 TiffiSiGe/ll-tf-Sl 
^Siil2^t 0 ^^-v-^U^fi^5 (07(a) ) c r^^-Si®2(D^Jf:fi, SJ&ftft 
MISFETc^y— ^-KW^^M^JSI^^Jft^t/iS^SrT <tbfct#, 2T £A-t 

P P 

^=tv\ i©±tcy— MftlBtBlaty— h*ffiil4Srj«ft$* (07(b)), 

(07(c)), 
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[0061] hM4a£-7*^LT, 3I^Si/i2^y— ^- hV'O'teiiieM 

/^^^JiD^'—MliJino^^-rS (08(b) ) 0 i^1"C, y-^'KHyi«» 

P 

P 

[0062] ^^^^b^-^-S/cfc^M^trOo -£5-T<5^ y-^-Ku-r^^ 

rcDiaTt3te^-y e 87)sjr^$tb5([2l9(b)) 0 (&U te{4/w-7°8(*m^S 

F^i^^^Tv^s/t^, ^i-s^xf^/j^^ u^mmm-£Mi&£ti^H 
[00633 im4(Dmm<Dmm'] 

HnO(a)7^M(c), gill (a)75^(d)Sl>'llll2(a)7!;M(b)H > *^Wc0^40^ 
M^cDMSIFETCOS^3t^S^XSIW^^-t-Kfr®ll|-efe5c TifcSiGeJf 1 

i:(^^Siii2^t o ^^^/^e$-&5(l2n0(a)) o r<7}£L^SUS2CD8il/f:fi, 

P 

p 

&7Bj&-f5(H)10(c)) o 



I 
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■4 

| 

[0064] ^-h*^4a^^lcLT, y-^-KW^fe^M^ff^i-^/i^cO^ 

»^^yj£AL N ^mwifrAmn^mf&irzmii (a)) 0 -©i#©x^;^ 
?-bmm\o*fttj&~rz>(mii (b)) c «stt-c, y-^-Fwy-ni^K:, 

*ffli/^-cy— ^•Ku>i'>-fr?J±rftB*l2S:^-*-S(Hll(c)) 0 w«7>lgJ/?f43T 4^ 

p 

_h5T EATWSo 

p 

[0065] y-Mi4aiy- WliMlO^^y^LT, ^M^l^l X 10 ir 'cm~ 2 W± 

0 P 

^?fM$n5(E112(a)) 0 fit, y-^-KW^* l 9±tf^l2cDB^/¥^3T £>9i¥ 

P 

±^Jgl2co^T}c^^^fet{ru y— ^> KU>f >1ft3RffiKElliSSI«U"r, y— 

«rfr2(iai2(b)) 0 (au ^i/^^8(iy^-^ - hv^y^^)±)f hS^i 2dStt 

[0066] [Wi5(D , Mt&(DMWi] 

1— x— y x y 



< 
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0 ^-y-^M^M^Si^bm^Si Ge C ({S.U OgxSl, O^y^l, 0<x 

1-x-y x y 

[0067] [||6<7)||#§<7)ff2fi] 

3±&C^t^^v^W&S£;ftfc:£^-Si Ge C )114i:=5f-r5/7 P Si©l 5<b(D|^J? 

1 — x— y x y ' 

p 

p 

Sijf 15fc'tf-e£:<^^Si Ge C Jll4ft&ci^i'^/^fiSc£t^ MISFET^ 

1 — x— y x y 

[0068] [^7(D^JgC0^fii] 

l*115li, ^0^^7cD|lifgc7)^^^i-MISFET(DKlTiffil^l-C-fc?) o TttfeSiGe 

p p 

[0069] /«£*5, TJftSiGemtTflilSiJf 13tOFem-> aix^kfllie^^tiTv^c - 
CD#|j£T'f±, y-^-KWVRgJS!c6^)^^*//qS^$tL, MISFETCDiiitik^b^ 

[0070] im8(Dmm(DMmi 

oJBI0f2. *^^j^MlSFET^y— ^•KWy©^ttftM/5Sf^i/j:5i$?rT 
iLfc^ 2T ^T^-rs= 

p 

[0071] ztDmsmmmm-^mrmmmmtmo^, TmsiGemi&ft&is^^t-e& 

[0072] W±»*bV^liO^ft|{COV^-Cf^0^Ufc^, ^B^^m^CO^JfcCD^tiM 
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